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INTERFACING COMPUTER-ASSISTED DRAFTING AND
DESIGN WITH THE BUILDING LOADS ANALYSIS AND
SYSTEM THERMODYNAMICS (BLAST) PROGRAM

1 INTRODUCTION

Background

The design of energy efficient buildings requires in-depth thermal analysis. While there are many
simplified hand calculation methods to determine building heating and cooling loads, nonautomated
methods are not precise enough to achieve optimal designs. Furthermore, even simplified hand
calculations are too time-consuming to be practical. Computer programs designed to aid in building
energy calculations improve both the speed and accuracy of energy calculations.

Hourly simulations, such as the Army-standard Building Loads Analysis and System Thermodynam-
ics (BLAST) program, developed by the U.S. Army Construction Engineering Research Laboratories
(USACERL), are the most accurate means for determining building loads. The accuracy of BLAST allows
U.S. Amy Corps of Engineers (USACE) District designers to size mechanical equipment precisely to
improve the energy efficiency of buildings on Army installations. The ability to simulate buildings before
they are built also allows alternative building configurations to be studied to determine the most energy
efficient design. The cost associated with simulation programs is the time required to construct the inputs
to the simulation.

Computer-Aided Design and Drafting (CADD) tools have already become common in the building
design environment. CADD systems also offer the promise of improved accuracy and reduced time in
the design environment. The premise is that as automated methods replace manual methods, the
automation will handle the data for the designer, thus reducing error and increasing throughput.

However, the two design processes have not yet been integrated. CADD automates the creation of
the building floor plans, and programs such as BLAST automate their analysis, but the two systems remain
distinct. Each of these two automation tools focuses on only a portion of the design process, requiring
the designer to actively move data from one automation too! (CADD) to the other (the analysis program).
This intervention involves a manual rekeying of data already in the CADD system into the analysis
package, increasing the chance for error and the time required to complete the analysis. The smooth
integration of CADD with analysis tools such as BLAST would speed the process of thermal analysis and
ensure that the input data are accurate.

Objectives

The objectives of this project were to devise methods to interface CADD and BLAST to implement
those methodologies in a software product(s), and to field test the software.




Approach
This work progressed through the following steps:

1. A primary development platform was chosen based on the Corps-wide standard CADD purchase
of Intergraph hardware and software.

2. Negotiations were conducted with Intergraph Corporation® to set details of an interface.
3. Intergraph and USACERL each developed portions of the first interface as negotiated.

4. A second development platform was chosen (in addition to the Intergraph effort) based on the
widespread popularity of AutoCAD from Autodesk Incorporated.” Development of the two interfaces
proceeded in parallel.

5. After completion of the interfaces, a field test was conducted to verify the CADD-BLAST
interface concept.

Scope

This report describes the conceptual foundation for the developed interfaces, the “lessons leamed™
from the process of development, and results of field testing. Specifics of actual implementation and
program operation are not detailed.

Mode of Technology Transfer

It is anticipated that software products developed in conjunction with this research will be made
available from the BLAST Support Office (BSO), which can be contacted by phone: (800) UI-BLAST
or (217) 333-3877; by U.S. mail: BLAST Support Office, 30 Mechanical Engineering Bldg., 1206 W.
Green Street, Urbana, IL 61801; or by electronic mail at: Support@blast.bso.uiuc.edu. A Cooperative
Research and Development Agreement (CRDA) may be used to further development of the Drawing
Navigator interfaces by the private sector.

* Intergraph Corp., 1-T Madison Industrial Park, Huntsville, AL 35807.
* Autodesk, Inc, 2320-T Marinship Way, Sausclito, CA 94965.
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2 CADD AND BLAST INTERFACES

Interfaces

The term “interface™ can be applied quite broadly. In all software systems, there exist multiple
opportunities for interfacing. If a software system is seen as a set of many discrete, labor-performing
elements, then an interface opportunity exists at each boundary between these elements. The actual
definition of these elements can be chosen as a matter of convenience. In general, each program in a
software system would be considered an element, since it takes some set of inputs and produces some
results (output) after performing some desired operation (labor). The user of the program may also be
considered an element in the system, because the user also takes some input, performs labor (which, at
times, the program cannot do) and produces some “output” (providing data input, for example).

The type of interface may then be described in terms of the system elements that are bridged. The
most familiar interface is the user interface, sometimes called the man-machine interface. In general, user
interfaces are any program facilities that promote the transfer of information between user and program.
User interfaces can further be classified as either dynamic (interactive) or static (batch). For example, one
user interface for the BLAST program is the BLAST Input Deck (Figure 1). This static interface is a file
created by the user that transfers information one-way to the BLAST program. The interface follows
syntactic and semantic rules that are meaningful to both the user and the program. The program converts
the input deck to intemal data structures through a parsing subroutine that adds value to the input deck
by using data encoded within the parser and from other files. The parser itself could also be considered
part of the user interface. Similarly, other subroutines produce output reports that perform another one-
way transfer of information from the BLAST program to the user. BLAST also employs an interactive
user interface to create input decks via the BTEXT preprocessor.” BTEXT provides an interactive, menu-
driven environment as its user interface. The user may create the BLAST input deck from BTEXT, but
is not (necessarily) required to use the input deck as the user interface.

Another type of interface is a program-to-program interface. Such interfaces move information
from one program to another, such as transferring the output of one program to another program as input.
A third program may provide this interface, or some data structure may facilitate the transfer, or the
interface may be a combination of both. In the latter two cases, the output routines from the first program,
and the input routines to the second program (which read and write the data structure for transfer) could
be considered part of the interface. For example, the BLAST input deck could be considered a program-
to-program interface when BTEXT is used, since it transfers user information gathered via interactions
with the BTEXT menu system to BLAST.

When a scparate program provides the program-to-program interface, some form of data structure
generally accomplishes the transfer, and may require special routines within the host programs. Usually
a separate program-to-program interface is only required when the two interfaced programs were not
specifically designed to exchange data. A file translation utility that converts word processor files from
one format to another is a good example of such an interface.

There are probably as many interface types as there are different boundaries for the labor-performing
clements. Also, as evidenced by the prior discussion, different types of interface may be combined. The
concepts of system boundaries and interface types as described here will clarify discussion of the interfaces
outlined in this report.

* BTEXT is a USACERL-developed preprocessor that is part of the BLAST software package.
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BEGIN INPUT;
RUN CONTROL:
NEW ZONES,
NEW AIR SYSTEMS,
PLANT,
UNITS (IN=ENGLISH, OUT=ENGLISH) ;
PROJECT="SAMPLE BTEXT RUN";
LOCATION=CHANUTE ;
DESIGN DAYS=CHANUTE SUMMER, CHANUTE WINTER;
GROUND TEMPERATURES=(54, 55, 58, 62, 67, 74, 72, 68, 64, 62, 58,
55);
BEGIN BUILDING DESCRIPTION;
BUILDING="NONE *;
NORTH AXIS=0.00;
SOLAR DISTRIBUTION=-1;
ZONE 1 "LEFT END UNIT ":

ORIGIN:(0.00, 0.00, 0.00);

NORTH AXIS=0.00;

EXTERIOR WALLS :

STARTING AT(0.00, 0.00, 0.00)

FACING(180.00)

TILTED(90.00)

EXTERIOR (12.00 BY 8.00)

WITH WINDOWS OF TYPE SINGLE PANE HW WINDOW (8.00 BY 4.00)
REVEAL(0.00) AT (0.00, 0.00)

STARTING AT(0.00, 25.00, 0.00)

FACING(270.00)

TILTED(90.00)

EXTERIOR (25.00 BY 8.00);
PARTITIONS :

STARTING AT(12.00, 0.00, 0.00)

FACING(90.00)

TILTED(90.00)

INTERIOR (25.00 BY 8.00),
FLOORS

STARTING AT(0.00, 25.00, 0.00)

FACING(180.00)

TILTED(180.00)

SLAB FLOOR(12.00 BY 25.00);
ROOFS

STARTING AT(0.00, 0.00, 8.00)

FACING(180.00)

TILTED(0.00)

ROOF04 (12.00 BY 25.00);
CONTROLS=DEAD BAND;
INFILTRATION=10;

END ZONE;
END BUILDING DESCRIPTION;
END INPUT;

Figure 1. Sample BLAST Input Deck.

CADD Interfaces

‘In a typical design and construction project today there is a lot of duplication of data and especially
input of data,” says Kari Karstila, rcsearcher, Laboratory of Urban Planning and Building Design,
Technical Research Centre of Finland, Espoo. ‘This is true even if most of the data is prepared using
software tools such as word processors, spreadsheets, drafting systems, databases.” (Hayner 1991)




One reason for this duplication of data entry is that current design softwarc was developed separately
for cach traditional building design discipline, even though the interrelationship between disciplines pre-
existed computer involvement in the design process (Thomas 1991). Each discipline requires information
from others to complete its part of the design function. It is expected that design analysis programs such
as BLAST will need input data already contained in the CADD system. Furthermore, these analysis
programs will need data that is represented both graphically and nongraphically by the CADD system.
For example, architects may provide the building outline as a graphical representation comprised of
symbols signifying building elements such as rooms, doors, etc. The architect may also provide
nongraphical information such as surface finishes, compositions, constructions, etc. Similarly, mechanical
engineers will provide air distribution system information such as thermal zones and duct layout
graphically, but setpoint temperatures as nongraphical information. Electrical engineers may use the
(nongraphical) surface reflectance data provided by the architects for lighting analysis and for building
geometry. Energy analysis relics upon a comprehensive set of data from all disciplines (building
geometry, component composition, air distribution/system requirements, electrical wattage, and so forth).

There is no doubt that the building design disciplines need analysis programs. Since much of the
input data required for these programs is alrcady contained in the CADD system as both graphic and
nongraphic representations, there is a need for interfaces between these representations and the design
analysis programs. Such interfaces may be seen as both user interfaces to the analysis programs, and
program-to-program interfaces between the CADD system and the analysis programs.

A CADD interface is a user interface in the sense that it allows the user of the analysis program to
provide the necessary input data in a new way—by using the CADD system. In fact, the combination of
the CADD system and interface may be regarded as a “preprocessor” to the analysis package. The CADD
system provides a high-level user interface, and the program-to-program interface code provides the
muscle to move the data to the analysis package. In addition, the CADD interface program queries the
user for other information, thus providing its own user interface. In this way, the CADD user who needs
an analysis package can operate in a suitable (or at least familiar) environment, and the analysis package
still receives required inputs.

A further advantage of using a CADD interface as a preprocessor is the graphical nature of CADD,
which makes the input preparation task more visual and, ostensibly, less tedious. This visual emphasis
can make the task easier, and also can help to eliminate errors such as overlapping zones, or windows
larger than the wall containing them. While some error checking can be built into textual preprocessors,
the use of a graphical interface can help to eliminate these errors before they occur. Historically, graphical
interfaces have been less popular due to the expense of the computer hardware required to run graphics-
based programs. However, the current low cost of powerful personal computers is eliminating this barrier.
Another computing trend is to represent computer information as graphic objects. As these trends combine
to change the computing environment, they will also influence the end users’ expectations of how
information should be manipulated, emphasizing the importance of the graphical preprocessor.

Difficulties

To realize this vision, however, requires that a number of difficulties be overcome. The main
problem associated with automating the transfer of data from CADD to BLAST is that a great deal of
information contained in the CADD files is not needed for the thermal analysis. One can think of this
extra information as “‘noisc™ as far as thc thermal analysis package is concemed. The difficulty the
interface program must overcome is to sepi ite the required data from this noise.




More difficult is the problem that some information exists in the graphic representation logically,
but not physically. For example, BLAST needs to know the endpoints for walls. Most architectural floor
plan drawings will represent a wall as two parallel lines (Figure 2). The location of point A would be the
ideal endpoint to use for locating these walls. However, no graphic objects in the CADD file are directly
related to this point. (Unless, of course, it were physically drawn.)

Another problem exists in that the CADD drawings are typically two-dimensional representations
of a three-dimensional building. While a set of two-dimensional drawings (floor plans, elevations, etc.)
can help a viewer conceptualize the three-dimensional building, it is difficult to program software to make
this kind of generalization. Consequently, the user must include supplemental information for the
program’s benefit (zone height, for example). Similarly, other information must be provided because it
does not exist in any form in the CADD drawings (construction materials information, for instance).

Perhaps one of the greatest difficulties is that no conventions yet exist for drawing building
elements, so that drawings may vary according to the draftsman. If some conventions were imposed on
how the drawings must be produced, then the problem of information extraction could be simplified.
However, imposing such conventions would reduce the general applicability of the interface, and architects
may find following such conventions impediments to their own productivity. Thus for the sake of the
interface, the graphical representations found in the CADD files must be considered arbitrary, leaving the
question of how to recognize them.

Approach

There are many possible approaches to creating a CADD-to-analysis interface. To determine the
merit of an approach, issues regarding the information being transferred, its organization, and the
“ownership” of the mechanisms for manipulation of this structure were considered. The information
required for thermal analysis (with regards to CADD) falls into three categories:

1. The CADD building outline (floor plan).

2. Other graphic/nongraphic data that should be associated with the building outline (e.g., thermal
zones could be described by having the user input which room numbers belong to the zones, but they are
much more effectively shown by pointing out the rooms on the graphical layout).

3. Additional nongraphic data that is not pertinent to the graphic data in the CADD drawing, but
that is required by the analysis program.

CADD vendors are already handling categories 1 and 2, as these are required information for their
systems. The third item is the exclusive domain of the analysis package vendor, who currently also
replicates items 1 and 2, usually through redundant input of the data by the user.

Three possible development approaches became apparent, given the way the data is reposed. First,
the CADD vendor could develop the entire package. This approach would require the CADD vendor to
either crcate his own analysis package or to leam an existing package well enough to acquire and properly
apply all data from the third category above.

A second altemative would be for the CADD vendor to manipulate data only from the first two
categorics and make it available to the analysis package through some data structure. The analysis
package vendor would then have the responsibility of gathcring data from the third category and
transferring the complete data set to the analysis package. This approach has the advantage that cach
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Figure 2. Endpoint for a Wall.

vendor deals primarily with familiar data. A disadvantage is that the data structure for transfer may
become too specific from the CADD vendor’s standpoint. (The CADD data may not be re-usable for
other analysis packages.) On the other hand, the data structure may also become too generic from the
analysis package vendor’s standpoint. (The data may not be well matched to a specific application.)

The third development approach would be for the application developer to query the CADD
vendor's database for the category 1 and 2 information needed, then fill in the category 3 information and
feed the complete data set to the analysis program. This approach would allow the analysis package
developer to extract only needed information. However, this method would also require the analysis
package developer to leam a proprietary CADD database system.

For this project, the second approach was selected to develop a CADD-to-BLAST interface. Later,
the third approach was also tried. These efforts resulted in the creation of two interfaces—I/N2BLAST and
Drawing Navigator. While the basic purpose of both interfaces is the same, the conceptual basis for each
is quite distinct. The following two chapters will describe the conceptual basis for each interface.
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3 IN2BLAST

Description

The developmental approach taken for the IN2BLAST interface was to work with a CADD vendor
who provided the data available from their system in the form of a neutral file. USACERL researchers
developed code to read the neutral file, map this information onto the data requirements for BLAST input,
and query the user for missing data. The CADD vendor chosen for this effort was Intergraph
Incorporated, who was selected for this project because it had already been awarded the contract for the
Corps-wide standard CADD purchase. It was felt that a broad number of Corps designers could benefit
from the practical interface program that would eventually be developed from this research. Determining
the contents of the neutral file was a cooperative effort. Responsibility for producing the code to actually
produce the neutral file was assigned to Intergraph. USACERL researchers assumed the responsibility for
writing code to read the neutral file, acquire other inputs as necessary, and produce a BLAST input deck.

Specific software products were chosen to develop a prototype neutral file interface. The
relationship of the various programs is best explained in terms of how they were intended to be used
together. First, architectural floor plans were to be created using Intergraph’s Architectural Production
and Design Package (APDP). This package was designed to allow for complete creation of the
architectural design. For the purposes of this project, only the floor plan drawings were critical, but this
fact did not preclude using the package fully. APDP produces a set of project files to store the floor plan
information. Next, the HVAC Loads Analysis program (HVLD, also from Intergraph) was used to zone
the building. A digitizer or mouse was used to denote the rooms that comprised specific zones, and screen
forms were used to input fan system information. For this project, HVLD was modified by Intergraph
to scan the data in the project files and produce the neutral file as an output. USACERL researchers
developed the IN2BLAST program to read the neutral file, prompt for missing data, and allow for the
reviewing and/or modification of: thermal zones; activities within the zones; occupancy and lighting
levels; and fan system and central plant data. IN2BLAST would then produce a BLAST input deck to run
on an unmodified version of BLAST. The IN2BLAST code itself was based primarily upon BTEXT
Version 6.1. Figure 3 shows the relationships of the various component programs.

Since the IN2BLAST code was based on BTEXT, it uses a similar menu-driven interface. One new
option in the IN2BLAST menu structure is to load a neutral file. As the neutral file is loaded, the
information contained in the file is converted to the intemal BTEXT variables. In some instances, data
not available in the neutral file is required to complete these conversions. When this occurs, the user is
prompted for the required data. After the necutral file is read, the user may then enter other BLAST-
specific information using familiar BTEXT options. Appendix A contains a menu diagram for IN2BLAST.
Appendix B contains the data element descriptions for the neutral file.

The simplified description of IN2BLAST in Figure 3 is meant to relate the conceptual basis for the
interface. The main program-to-program interface between CADD and BLAST is the neutral file, and the
associated data structure mapping is performed within the IN2BLAST module. APDP, BLAST, the APDP
project files, and BLAST input deck all remain unchanged. HVLD was modified to allow for creation
of the neutral file, and /IN2BLAST is essentially a new creation to effect the data transfer, but is based
primarily upon BTEXT.

Some of the difficulties outlined in Chapter 2 were overcome due to the naturc of APDP. By the
time the energy engineer interacts with HVLD, the system has already identified the building elements
represented in graphic symbols, and some of the normally nonrepresented data such as the wall height.
Work already done in APDP allowed this information to be present in the project database for HVLD to
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Figure 3. IN2BLAST Interface Programs.

access. The availability of this information also overcame some of the difficulties associated with
information being logically represented but not physically available. Since the procedure for creating the
floor plan in APDP was prescribed, APDP was able to “infer” this information and store it as physical
entities in the project database. The one major difficulty previously discussed that was not overcome was
that of sorting out only the data required for BLAST. This task was then the focus of efforts for the
IN2BLAST code.

Lessons Learned

Several key lessons were leamed while developing the IN2BLAST code, including the importance
of filtering out “‘noise.” Other issues also became apparent as work progressed. Questions arose regarding
user training and support, how many user interfaces would be necessary, and how user interfaces would
be programmed into the system and over program boundaries.

There were many insightful lessons pertaining to the early stages of the project, particularly the
development approach. Decisions made early in the project regarding program development were vital.
This interface was developed largely from existing programs, with the “newest” piece of code being the
IN2BLAST program itself. However, IN2BLAST was developed primarily from BTEXT (the BLAST input
pre-processor) and ENERGY (a prototype graphical pre-processor developed by USACERL for mainframe
application, but never distributed). The CADD portion was a straightforward modification of HVLD to
produce the neutral file. This arrangement was chosen primarily for expedience. The idea was that, since
HVLD and BTEXT already had user interfaces, that portion of the work could be considered done.
Therefore, the interfacing task would be reduced to mapping the HVLD data onto the BTEXT data
structures.

Most of the problems in creating this interface centered on the fact that all of the programs
comprising the system had implicit paradigms in data structures they used to represent the building. Each
section of code being drawn together into the interface system was based on certain viewpoints and
assumptions used in the original programs to determine what data was important to encode, and how to
encode it. The perceived task was to map the HVLD data structure onto its IN2BLAST counterpart. This
task proved more complex than anticipated. Instead of a relatively straightforward mapping of one data
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structure onto another, the true task at hand was one of resolving completely different building
representations. There was a great disparity between HVLD and BLAST in the terminology and intended

use of the data elements.

This task was further complicated by a distinction in the IN2BLAST code between graphic and
nongraphic data. Graphic data was represerited by ENERGY data structures, and nongraphic data was
represented by BTEXT data structures. Taken together with the HVLD/neutral file representations, there
were actually three types of building representations to resolve. A few of these problems were addressed
during negotiations over the content of the neutral file.

Most problems had to be resolved with programming techniques. For example, there were
differences in representation of walls in the neutral file and in the ENERGY-based data structures that
were used in IN2BLAST. Since the IN2BLAST data structures were list-based, representations of walls
were formed from beginning and end points for the walls, which were assigned based on the order they
were encountered (juxtaposition in the list). Later in the neutral file scanning process, coordinate data was
used to actually locate those walls. However, there was no information inherent in either the neutral file
or IN2BLAST structures that allowed for correlation of the two sets for beginning/endpoint data. This
problem also affected IN2BLAST's ability to tell which zones were on which side of an interior wall. This
information must have been represented in the original CADD drawing, but was not explicitly included
as data eclements. The solution to this problem was to perform a vector analysis on the data points
provided to reconstruct the information.

The pertinent lesson is that the required representation may include information that is not an
explicit data element in any data structure. The proper approach would then be to negotiate what
representation needs to be used, that is, to find a suitable data abstraction that represents the physical
system that needs to be described, and base actual data structures on that abstraction. This abstract data
type then becomes the program-to-program interface. Developing the abstraction then becomes the
encompassing task, requiring considerable patience and cooperation on the part of both developers.

Another issue with the /IN2BLAST interface approach is that of the distribution of the user
interaction. While individual user tasks are interactive, they are spread across program boundaries. The
user first interactively zones the building in HVLD, and chooses the menu option to create a neutral file.
Next, he boots IN2BLAST and Chooses the option to load the neutral file. While loading the neutral file,
interaction is required to provide data needed to complete the scan. A third interactive session requires
BLAST-specific information to be entered using the IN2BLAST menu system. Even though these last
two interactions occur within the same program, they are significantly different activities and, thercfore,
are identifiable as distinct tasks.

This separation of the interactive portions of the system give it the look and feel of a batch, rather
than an interactive system. Many users perceive batch processing as an antiquated, “user un-friendly”
system. As it is setup, the system gives the feeling that the analysis input creation job must be done three
times (based on the three distinct interactive sessions), so there may be no perceived labor savings
compared to manually rekeying the data. User interaction needs to be centralized to eliminate these
inefficiencies.

Another issue related to the distribution of the user’s labor within the system becomes apparent
when one considers support and training issues. The user must know how to use the CADD package
(HVLD in this case), the user interface to the program-to-program interface code (/N2BLAST), and the
analysis package (BLAST). Even if the programs involved were straightforward to use, the user would
need to read three manuals. If a problem is encountered in transferring the data, the source of the problem
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could be unknown, and it could be unclear whom to call for support. One party needs to take
responsibility for supporting the user through the entire interface process.

Another significant problem was the amount of unnceded CADD data (noise) in the neutral file.
The neutral file is organized into collections of related data elements called “entities.” Of the individual
data items available in the neutral file, IN2BLAST only used 32 percent. On average, only 39 percent of
any given entity was used, with 31 (72 percent) of the entities having 50 percent or less of their items
used, 17 entities (40 percent) having less than 25 percent used, and 12 entities (28 percent) not being used
at all. Interestingly, the 12 entities that are not used at all account for 33 percent of the total data in the
neutral file—1 percent more than the total number of data items that were used.

Disposition of Interface

The IN2BLAST interface actually operates on a distributed computing platform. The APDP and
HVLD programs run on a minicomputer networked with a graphics workstation. The IN2BLAST code
runs entirely on the workstation. Intergraph has decided to consolidate their software products onto the
workstations and eliminate the minicomputer portion of the platform. Therefore, APDP and HVLD are
no longer supported products. Given these facts, the IN2BLAST interface was not released to the field.
However, the lessons leamed in this work were carried forward into the development of the Drawing
Navigator.
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4 DRAWING NAVIGATOR

Description

A second approach that attempted to solve some of the problems encountered with /IN2BLAST
resulted in the development of the Drawing Navigator concept. In particular, this interface was designed
to be more interactive, and to rely almost solely on BLAST to define the data abstractions. Furthermore,
the development of this interface was done completely by USACERL researchers, relying only upon
publicly available information about CADD products. This approach solved several problems in a single
stroke: it allowed Drawing Navigator to concentrate the user interaction in one place, to develop a data
abstraction of the CADD information that was tailored to BLAST, and to provide a single point of contact
for user support. The development of a prototype Drawing Navigator concentrated on the user interface,
and was able to use the BLAST input deck as its program to program interface.

The particular CADD package chosen for the Drawing Navigator prototype was AutoCAD Version
10 by Autodesk. AutoCAD was chosen for its popularity within the architectural engineering community,
its status as a de facto standard CADD package, and its extensibility via AutoLISP (Autodesk’s proprietary
subset of LISP). Another consideration for choosing AutoCAD was that it would complement the
IN2BLAST effort by providing a CADD-BLAST interface on a different manufacturer’s platform. The
Drawing Navigator was actually written as an embedded program to be run from within AutoCAD. Once
architectural floor plan drawings are created and BLAST analysis is desired, the Drawing Navigator is
booted with the floor plan drawing file name. Booting Drawing Navigator actually invokes AutoCAD and
the AutoLISP program portion of Drawing Navigator. By using a pointing device such as a mouse, the
user interacts with on-screen instructions and a system of menus to zone the building. By reading the
AutoCAD database and reacting to user interactions, Drawing Navigator can extract the pertinent data from
the CADD drawing for input to BLAST. Other menus allow the user to enter inherently textual
information about the project and create a complete BLAST input deck. Figure 4 outlines the relationships
between the various Drawing Navigator components.

The intent of this research was to develop the concept of the Drawing Navigator such that it could
be implemented on any number of CADD platforms. The CADD System shown in Figure 4 (for the
developed prototype) is AutoCAD. The Drawing Navigator box shows three subcomponents. The
embedded code is the AutoLISP portion of the interface, which extracts the usable data from the CADD
drawing via an interactive session with the user. A data file is then used to transfer this information to
an external code portion, which is based upon BTEXT for the prototype implementation. This code allows
the user to input the BLAST-specific data. The arrangement shown was chosen for the prototype as a
programming convenience. A batch file couples the two sections of code and launches them sequentially
for the prototype. In full implementations of Drawing Navigator, this extemnal code would be replaced
by additional embedded code to collect this data. The Drawing Navigator would then be a single block
in this diagram. Once all the pertinent data is entered, a BLAST input deck is produced and BLAST can
be run in the normal fashion. The release note and user’s manual for the prototype Drawing Navigator
for AutoCAD (Version 0.9) is included in Appendix C. Refer to this appendix for a more specific
description of the operation of the prototype.

The Drawing Navigator overcomes most of the difficulties outlined in Chapter 2 by properly
applying user input. Much of the noise in the CADD data is eliminated from consideration by the user’s
selection of graphic elements that restrict the size of searches required to find the appropriate information.
The user can easily recognize information that exists logically, but not physically, in the drawing. The
interface gathers this information from interaction with the user. Similarly, the user can easily recognize
the many variations of representations of common elements such as doors, windows, etc. Once the user
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Figure 4. Drawing Navigator Interface.

selects one such item, others identically defined in AutoCAD blocks can then be automatically retrieved
by Drawing Navigator without further user intervention. Other information that is readily available to the
user but not easily found in the CADD database (such as zone height, wall constructions, etc.) is entered
as part of the interactive process.

Development of the Drawing Navigator for AutoCAD focused on the creation of AutoLISP functions
known as browsing tools. These tools were designed to handle specific aspects of retrieving geometric
information about the building from the drawing file. For example, one tool allowed for the magnification
of a specific area on a drawing to pinpoint a specific coordinate location more accurately. Another
browsing tool could compute the facing direction for a surface, given its endpoints. Yet another such tool
was developed to count the number of occurrences of a pattemn and the corresponding locations within a
user-specified region. (This tool is useful for capturing window and door descriptions.) Still other tools
were responsible for producing on-line help, screen management, reporting to the user what information
had been retrieved from the CADD database, etc.

The prototype Drawing Navigator for AutoCAD was developed by combining these tools through
a programming technique known as meta-interpretation. Using this technique, the browsing tools are first
organized according to a set of tasks. The meta-interpreter then controls the execution of the tools to
perform various tasks based on user input. The meta-interpreter is also responsible for backtracking or
undoing operations during the interactive session. The development of meta-interpreters is facilitated by
AutoLISP because programs and data are represented by the same structure (i.e., there is little distinction
between data and code). Other control programs can also be used to link the basic tools that are not meta-
interpreters. One primary advantage of using this modular programming approach is that functionality can
be changed or expanded without rewriting the browsing tools. Simply changing the controlling program
allows for the behavior of the interface to be significantly altered, and can also accommodate the addition
of new browsing tools late in the development cycle.

Lessons Learned

After tests at USACERL and at the BLAST Suppont Office, the Drawing Navigator for AutoCAD
was taken to Mobile District in Mobile, AL for field testing. A mechanical design engineer for Mobile
District performed the field test. This section will outline the lessons leamed as a result of this testing.
A copy of the beta test plan and the test report can be found in Appendix D. (Note: Drawing Navigator
is referred to in the appendix as BCAD, an acronym used to describe the interface during the beta test.)
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The primary question to be answered by the field test was whether or not a CADD to BLAST
interface could really save the mechanical designer time. To test this premise, a sample project was
selected for input using Drawing Navigator. Appendix D contains a plot of the sample building.
Completion of the BLAST input task took 20 minutes. The input process was repeated using only the
BTEXT pre-processor. The time required using BTEXT alone was recorded as 35 minutes. For this
particular case, there was a time savings of 43 percent. A design engineer (the field test subject) estimated
that a 50 to 75 percent time savings is plausible, based on his experience and observations. In other
words, the field tester believed that the interface did improve productivity.

Another question to be answered by the field test was whether or not the accuracy of the BLAST
simulation was adversely affected by the use of the interface. The test subject reported no significant
difference between the input decks generated by Drawing Navigator and those generated by BTEXT. The
Drawing Navigator for AutoCAD produces a BTEXT database file that can be loaded by any version of
BTEXT subsequent to Version 1.0 Level 61 (the version which the BTEXT-based portion of Drawing
Navigator is based on). The BTEXT database files generated using Drawing Navigator and by using
BTEXT alone were loaded into BTEXT Version 1.0 Level 112, from which BLAST input decks were
produced. This procedure eliminated differences in the two decks due to differences in the BTEXT levels,
thus facilitating comparison of the input provided by each approach. Printouts of these input decks may
be found in Appendix D. Each of these printouts has highlighted portions showing where one deck differs
from another. Minor numerical differences due to the precision of Drawing Navigator were not
highlighted (e.g., the difference between -26.63, 15.67, 0.00 and -26.67, 16.00, 0.00), and differences in
the order of appearance of surfaces were ignored. The comparison offered here will be based upon these
printouts.

The first two differences are minor. The BTEXT-produced deck has an additional design day
specified (BIRM WINTER), and the two decks have different names for the building (HANGER versus
FT RUCKER HANGER). These are simply differences in how the text labels were input, and do not
indicate any inherent difference between the methods.

The first significant difference comes in the ZONE 1 description under SLAB ON GRADE
FLOORS. The starting points for the floors are different. The same is true for the ROOFS starting point.
This difference is also apparent in ZONE 2 and ZONE 3. Choosing the proper coordinates for the lower
left comer for a floor or roof surface is one of the most confusing aspects of creating a BLAST input file.
The starting point for the roofs are consistently correct in the Drawing Navigator-generated input deck,
and incorrect for the BTEXT-generated deck. The starting point for the floors is consistently incorrect
in both decks. This problem with the floor starting point indicates that a better explanation of what is
meant by “lower left comer” for floors should be included in the Drawing Navigator documentation.
These errors are minor, and will not change the simulation results unless the solar distribution is being
considered (which, in this case, it was not).

Another recurring difference had to do with the LIGHTS statement in all three zones. The value
in the BTEXT-generated deck was consistently 1000 times larger than that in the Drawing Navigator deck.
This difference likely can be attributed to a misunderstanding of the input units when the BTEXT deck
was generated. During the field test, these numbers were corrected to match those used in the Drawing
Navigator generated deck by manually editing them in the BLAST input file. Again, no inherent
difference in the programs was indicated.

Similarly, in ZONE 2 an intemal mass was entered in the BTEXT version that was not entered for
the Drawing Navigator version. Drawing Navigator allows for the entry of intemal mass, so the
difference was attributable to user choice. Several differences were apparent in the ZONE 3 description
as well. First of all, different exterior wall constructions were used (EXTWALLO1 versus EXTWALLO2).
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Secondly, on two of the walls, the BTEXT version used starting points with vertical elevations of 10 ft
(3.05 m) and wall heights of 30 (9.14 m) ft, versus zero elevations and heights of 40 ft (12.2 m) for the
Drawing Navigator version. This difference placed the top of these walls at a height of 40 ft (12.2 m)
in both instances, but reduced the area of the two surfaces by ten times their respective lengths in the
BTEXT generated deck. Also the length of one west-facing wall was 88 ft (26.8 m) in the BTEXT deck
and 104 (103.75) ft (31.7 m) in the Drawing Navigator deck. Again, the BTEXT deck appeared to omit
some of the surface area. Finally, different floor constructions were used in each deck (SLAB FLOOR
versus FLOOR34). None of these differences were inherent to using one program or the other. The
differences simply reflected different choices made by the user as to how to model the building given the
two different work environments. However, the differences would change the results of the simulation.

A final minor difference is that two different names were used to describe the first central
plant-“PLANT 1" versus “CHILLER.” Since this ittm was simply a user-defined text label, there was
no difference in the simulation.

After the two input decks had been produced under Level 112 of BTEXT and the factor of 1000
error was corrected in the BTEXT-generated input deck, both decks were used to run BLAST. There were
no problems loading and executing either deck. The zone plots of both decks revealed the misplacement
of the floor starting coordinates, and those of the BTEXT-generated deck also showed the misplacement
of the roof. (Both of these errors were inconsequential.) Zone 1 had an exterior surface area of 4347.08
sq ft (403.84 m?), floor area of 2773.68 sq ft (257.68 m?), and approximate zone volume of 20716.1 cu
ft (586.61m*) in the BTEXT version. The values were 4317.07 sq ft (401.06 m?), 2749.97 sq ft
(255.47 m?), and 20544.7 cu ft (581.76 m°), respectively, in the Drawing Navigator version. These values
for the two versions all vary less than 1 percent from their counterparts. The areas of the individual
surfaces/subsurfaces are also very nearly the same between versions. These relations are also true for
Zone 2, with the exception of the internal mass that was added in the BTEXT version and not in the
Drawing Navigator version. The different modeling techniques used for Zone 3 significantly altered the
exterior surface area and approximate zone volume figures. (Appendix D also includes the Zone reports
for both of these runs.) Since there were differences in the zone descriptions and no CONTROLS
statements were included in the input decks as provided, no loads were calculated for the two models.
This examination serves to support the contention that the use of the Drawing Navigator had no adverse
affect on the accuracy of the input deck. In fact, the Drawing Navigator deck was more accurate.

The field tester indicated that he would prefer to use the Drawing Navigator over BTEXT. Reasons
cited for this preference were that the Drawing Navigator took less effort and was less tedious than
BTEXT. Overall, the tester was impressed with the interface and strongly recommended its further
development.

The field test also exposed the expected program anomalies that required correction, and some
aspects of the interface design that could use further attention. Although phrased as specific suggestions
in the test report, most of the design issues on user control of the program function as a unit. Deficiencies
existed in the prototype that made it difficult to correct omissions once a certain menu level had been
exited. Also, while the interface code is running, the user cannot directly access AutoCAD features that
may be beneficial in handling the input process. These issues can be addressed by restructuring the
control code, and possibly by adding a few new tools to the system. Appendix B also contains specific
comments relating to the items mentioned in the Beta Test Report. The important lesson is to allow the
user, rather than the program, to control the sequence of interaction as much as possible. With such a
free-format input process, the designer may then chose the work method he finds most productive.

By capitalizing on lessons leamed in the IN2BLAST effort, the Drawing Navigator for AutoCAD was
able to achieve the goal of increasing designer productivity by reducing the time required to move input
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data from a CADD system to BLAST. In addition, it was leamed that the form of the interface should
afford the user as much control over the work process as is practicable. By relying on the user’s expertise
to handle recognition tasks, and on the untiring repeatability of the computer to handle the more tedious
counting and calculation tasks, the Drawing Navigator has proven to be a useful concept for implementing
a CADD-to-analysis interface.

Disposition of Interface

After correction of the operating anomalies reported during the field test, the prototype Drawing
Navigator for AutoCAD was released through the BLAST Support Office as Version 0.9. Restructuring
of the controlling mechanism to address the user interface issues raised by the field test was in progress
at this writing. Also under development is a Drawing Navigator for Intergraph’s Microstation CADD
software (Drawing Navigator for Microstation). If there is sufficient demand from the field for these
programs, they will remain as supported members of the BLAST software family. A Cooperative
Research and Development Agreement (CRDA) may be used to further development of these interfaces
by the private sector.
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5 CONCLUSIONS AND RECOMMENDATIONS

The field test of the Drawing Navigator indicates that CADD-to-analysis interfaces can save
significant time, especially for data intensive programs such as BLAST. The interface frees the designer
to apply time otherwise spent in data entry to other jobs, or to do additional energy studies to determine
the most energy efficient configuration for the building being studied.

The key to achieving a successful interface with current computing technology is the proper
application of the skills of the human user and the computer’s ability to handle repetitive tasks quickly
and accurately. The Drawing Navigator concept capitalizes on the user’s recognition abilities and the
automation’s search and calculation facilities. This combination speeds the BLAST input preparation
process, while still leaving the designer in control of decisionmaking.

The Drawing Navigator concept has potential for further application. Another CADD-to-BLAST
Drawing Navigator is currently under development. The Drawing Navigator methodology may be
applicable to other types of analysis. By using a modular development approach, the parts of the Drawing
Navigator are easily refined.

It is recommended that the Drawing Navigator be further refined. It is anticipated that a tighter
coupling between the user and program-to-program interfaces will improve user acceptance and further
boost efficiency. Improvements to the user interface as indicated by the field test need to be completed.
The program-to-program interface could also be improved by adding the capability to transfer information
from the analysis back to the CADD drawing.

Such two-way data migration should be investigated as a tool for improving communication of
energy-related data between disciplines. Decisions made by different disciplines at varying times in the
design process affect energy consumption. Providing two-way communication between CADD and energy
analysis may allow for the CADD drawing and related data structures to become useful as repositories for
the data required for interdisciplinary design.

It is also recommended that the BLAST data abstraction be further improved. Further development
of the data model for BLAST input could promote interdisciplinary energy design efforts. The division
of labor between the BLAST family programs (and possibly other analysis programs) could be redefined
bascd upon a2 more robust abstract building model. Such efforts should seek to improve both
computational efficiency and promote energy design integration.
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APPENDIX A: IN2BLAST Menu Map
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APPENDIX B: HVLD Neutral File Format
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Drawing Navigator for AutoCAD
Version 0.9
Release Note and User’s Manual
September 1991
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1. Introduction

Drawing Navigator is a graphical user interface to the Building Loads Analysis and System
Thermodynamics (BLAST) program. Executed from within AutoCAD, Drawing Navigator initiates an
interactive session between you and AutoCAD. During this session, you navigatc an AutoCAD drawing
file of an architectural (floor plan) design. Drawing Navigator collects information from your responses
and organizes it to construct input decks for BLAST. When possible, data retrieval is automatic to reduce
the number of inputs you will have to make.

Drawing Navigator was designed to facilitate utilization of BLAST during building design.
BLAST is an hourly simulation for thermodynamic building analysis capable of not only calculating
design loads, but also predicting annual energy consumption and peak demands, thermal comfort analysis,
and performing many other sophisticated analyses. Use of BLAST at each stage of building design can
significantly improve the quality of the design with respect to energy performance. In particular,
analyzing building architecture at early stages of building design would save the cost of later design
modifications needed to improve energy efficiency.

Historically, the major obstacle to using BLAST has been the task of preparing the BLAST input
deck. The input language for BLAST is complex enough to intimidate some users, and the amount of data
to be coded is non-trivial. The input process requires reading drawings and referring to other information
which is not present in the architectural drawings. For instance, geometric information can be retrieved
from architectural drawings, but information regarding weather, occupancy, and thermal properties of
construction materials is not present in architectural drawings. Therefore, it is desirable to have a user
interface which provides a unified access root to such information and automatically produces the input
deck for BLAST. As a result, the tum-around time for preparing an input deck for BLAST would be
reduced, and the utilization of BLAST during building design would be enhanced. Drawing Navigator,
was developed to serve as such a user interface.

Technically, Drawing Navigator covers some of the same functions related to producing BLAST
building descriptions as does the menu-driven BLAST textual pre-processor, BTEXT (for more
information on BTEXT, see the BTEXT manual or Chapter 4 of the BLAST manual). Since some desired
functionality of the graphical interface (such as displaying zone descriptions and producing the BLAST
input deck) are not yet implemented in Drawing Navigator, these functionalities were borrowed from a
modified version of BTEXT. The modified BTEXT is included as part of the Drawing Navigator
distribution package. Output from Drawing Navigator is an ASCII file which BTEXT reads to generate
the geometric portions of the building description as a BTEXT database. The modified BTEXT is then
used to add project, system, plant and all other non-geometric information and to generate the input deck.

Since Drawing Navigator is an interactive program with on-line help facilities, we suggest that
you get acquainted with Drawing Navigator through a couple of practice sessions. Previous experience
with BLAST and BTEXT is of great help in using Drawing Navigator, but is not required. If you are
unfamiliar with BLAST and the terminology used by BLAST., it is strongly suggested that you review
Chapter 4 of the BLAST User's Manual.

2. Development, Technical support, and Problem Reports
Drawing Navigator was developed by the Energy Design and Management team of the Energy

and Utility Systems Division at USACERL. Technical support and distribution responsibilities werc
transferred at the time of release to the BLAST Suppon Office (BSO) at the University of Illinois at
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Urbana-Champaign. Technical questions, bug reports, suggestions, and any comments may be directed
to:

US-mail BLAST Support Office
30 Mechanical Engineering Building
1206 West Green Street
Urbana, IL 61801

Phone (217) 333-3977 or 800 UIBLAST
FAX (217) 244-6534
Email support@blast.bso.uiuc.edu

When you report problems with Drawing Navigator, it is helpful to the technical staff if you
include printed records of problematic Drawing Navigator sessions. Drawing Navigator sessions can be
recorded using the printer echoing facility in AutoCAD. Use CONTROL-Q to toggle the printer on and
off while in Autocad (Drawing Navigator). If the printer echo is on, any input/output to and from
Drawing Navigator will be printed on your printer. Referring to these printouts can help the BSO staff
more quickly and accurately answer your questions. In addition, this printer echo feature is useful for
recording your dialogue with Drawing Navigator for later reference as well.

Be sure to check the READ.ME file on the Drawing Navigator disk for additional information
about Drawing Navigator that may not be included in this manual.

3. System requirements

System requirements for Drawing Navigator are somewhat hefty, in that a fair amount of hardware
and software is required to run Drawing Navigator, as follows:

Software: AutoCAD with AutoLISP (Version 10 is recommended but higher versions may
also work), extended AutoLISP, DOS Version 3.3 or later, and a modified version
of BTEXT (included in the distribution diskette).

Hardware: To run Drawing Navigator you will need a 386 (or higher) PC with at least 640K
of conventional and 512K of extended memory, EGA or VGA display adapter,
math coprocessor (80287 or 80387), and a digitizer or mouse.

Also see sections 7.1 “Environment variables” and 7.2 “Extended AutoLISP” for further
information about machine and memory configuration.

4. Installation

Drawing Navigator is distributed on a single high density diskette. The distribution diskette has
three subdirectories. One is DN, which contains AutoLISP source code, AutoCAD menu files, and
AutoCAD script files which form the main portion of the Drawing Navigator program. The second
directory, MBTEXT, has a modified version of BTEXT that can read input from a file that Drawing
Navigator produces. A third directory called SAMPLE contains a sample AutoCAD drawing file you can
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manually copy to your hard disk and use to test the installation of Drawing Navigator. Note that the
install program does not copy this program for you. To install Drawing Navigator:

1.

Place the Drawing Navigator diskette in one of your disk drives and type <drivename>:dninstal.
For example, if you were installing from drive A:

C:\>a:dninstal

Answer the questions asked by the install program about which drive you are installing the
Drawing Navigator on, and from which floppy drive you are installing from.

Make sure the path to the directory for AutoCAD is included in the environment variable PATH.
Otherwise, modify the PATH variable. You may wish to change the PATH statement in your
AUTOEXEC.BAT file to ensure that the AutoCAD directory will be included in your path every
time your machine is booted.

PATH=c\acad; ...
Modify the environment variable PATH so that it includes the directory for Drawing Navigator.
Again, you could modify the statement in AUTOEXEC.BAT to be sure the DN directory is
always included.

PATH=c:\dn; c\acad; ...
An alternative way of achieving the same effect is to copy DN.BAT and MBTEXT.BAT into a

directory included already on the PATH. For example, if you have a directory called BAT for
batch files which resides on the PATH, then

copy c:\dn\dn.bat c:\bat
copy c\dn\mbtext.bat ¢:\bat

See Section 7.1 for a discussion of environment space and how to increase it. You may wish to
make the described modification to CONFIG.SYS now.

For better screen formatting, add the following line to the file CONFIG.SYS which resides in the
root directory of drive C.

device=director/\ansi.sys
where directory is a path to the directory containing the file ANSI.SYS.

Reconfigure AutoCAD to enable Extended AutoLISP. To enable AutoLISP:
NOTE: This discussion is based on AutoCAD Release 10--later releases may differ.

(a) Start AutoCAD. The main menu of AutoCAD is then displayed on the screen.

(b) Select the fifth menu item, “Configure AutoCAD.” The configuration menu is
displayed on the screen.

(c) From the configuration menu, select item 8, “Configure operating parameters.” The
operating parameter menu is displayed.
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(d) From the operating parameter menu, select the seventh item, “AutoLISP feature.”
AutoCAD will ask if AutoLISP should be used and if extended AutoLISP should be
enabled. Answer “Y" to both of these questions. Exit all of the menus. When exiting,
AutoCAD you will be asked if the changes in configuration should be saved. Answer
*“Y” to this question.

The installation routine leaves a directory called DN on the specified target drive that contains the

Drawing Navigator LISP code. Under this directory is another directory called MBTEXT which contains
the modified BTEXT code.

5. Using Drawing Navigator and the modified BTEXT
To initiate a Drawing Navigator session,
1. Move to the directory where the concemed drawing file is:

cd c\dwg

DN file

where file is a name of a AuotCAD drawing file. NOTE: The initialization of the Drawing Navigator
takes some time. When initialization is complete you will see the message:

<DN> Initialization complete, System is now ready for use.

When you finish the AutoCAD portion of a Drawing Navigator session, a file file.ZIN is created
in the same directory as the drawing file. This file is also copied to the MBTEXT directory where it is
read by the modified BTEXT program, thus allowing you to save what you did in Drawing Navigator as
a BTEXT database file or BLAST input deck. DN.BAT will automatically copy the file, change the active
directory and boot MBTEXT after you exit the AutoCAD portion of Drawing Navigator. If no ZIN file
was saved, MBTEXT will not be executed. To import the ZIN file into MBTEXT:

(a) Choose the menu item “Building and zone description.”

(b) Choose “AutoCAD interface” by entering *“T.” The menu item *“T" reads data from
the ZIN file which Drawing Navigator created, and the BTEXT database is constructed.
The menu item “T" has the same functionality as the menu item “Z" excep: *hat input is
taken from the ZIN file, rather than from the keyboard.

(c) Use the rest of BTEXT to modify/complete an input deck. The rest of BTEXT
remains the same as before.

6. Overview of Drawing Navigator

You can understand Drawing Navigator in terms of data objects and some program units
managing these objects. Data objects represent physical building components such as buildings, zones,
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surfaces, and subsurfaces. Each data object has a set of attributes, or properties. Real-world building
components are represented by associating a proper value with each attribute.

Around the data objects representing building components, there are a set of functions or program
units working on these data objects. The primary responsibility of these program units is reading and
writing values for attributes of the data objects. Other responsibilities include providing communication
channels and interfacing with BTEXT.

The outer appearance of Drawing Navigator or its behavior is characterized by the interfacing
functions. Thus, this section mainly describes communication between you and Drawing Navigator.
Section 6.1 will explain the four communication channels between you and Drawing Navigator, which
are called logical devices. Two of the logical devices are in charge of manipulating and navigating
architectural drawing files. The other two logical devices are control messages and menu-driven
communications. Section 6.2 shows how the video screen is shared among these devices. Section 6.3
deals with messages from Drawing Navigator. Menus are described in section 6.4. The last section
(Section 6.5) covers some keywords used in this document and Drawing Navigator messages which are
not discussed elsewhere.

6.1 Logical devices

As Drawing Navigator guides you through a series of user-Drawing Navigator interactions, it is
helpful to use the notion of logical devices. Devices, here, are communication channels between you and
Drawing Navigator. The logical devices are defined to precisely represent basic input/output operations
which Drawing Navigator should perform, while physical devices refer to such hardware and signals as
the video screen, keyboard, mouse, and cursor keys.

A logical device may consist of a physical device, but not necessarily. For example, we may
regard the video screen -- a physical device -- as being shared by 3 or 4 logical devices. On the other
hand, two or more physical devices may make up a logical device. It is possible for a logical device to
be defined in terms of other logical devices. For example, pointing (logical) device refers to any
combination of physical devices that can be used to indicate a location on the video screen. The mouse
and cross hair in AutoCAD is an example of a pointing device. The arrow keys and high-lighting cursor
also compose a pointing device. A pointing device and some part of the video screen define a logical
device through which we can communicate with Drawing Navigator. Drawing Navigator has the
following logical devices:

Pointing

Device Made up of a mouse and a cursor, or the arrow keys and a cursor. AutoCAD has
two kinds of cursors. One is a pair of vertical and horizontal lines intersecting
each other (cross hairs). The other is a highlighted rectangular block. The cross
hair cursor is used in the graphic display area, while the highlighted block cursor
is used in the menu display. During our implementation, a Microsoft mouse and
mouse driver were used. The Microsoft mouse has two buttons. The left button
is used for pointing and selection of graphic entities. The right button is the same
as the ENTER key in some functions. For example, when you enter input
through keyboard, you can use the right button instead of the ENTER key. Also,
some prompts from Drawing Navigator show default values and the
corresponding action to accept the default values (hitting the ENTER key). In
this case, the right button can be used instead of the ENTER key.
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Main

Work

Menu

Key

The major portion of the video screen and a pointing device. Shows a
building or a zone of the building. The video sub-screen of main is
referred to as the main-display.

Made up of a part of the video screen and a pointing device. Shows the
detail of a part displayed in the device main. The video sub-screen of
work is referred to as the work-display. When this device is needed, part
of the screen occupied by the main-display is used temporarily. The
main-display is divided in two vertically or horizontally (depending on
the situation), and the right or lower division becomes the work device.
The left or upper portion of the display becomes the main-display.

Composed of the 8 rightmost columns of the screen and a pointing
device. Shows a set of choices comprised of possible actions or data.
The video sub-screen of menu is referred to as menu-display. This device
is furnished to avoid keyboard typing. From the viewpoint of
functionality, the following device key subsumes menu.

Made up of the 3 bottom rows of the video screen and the keyboard.
Particularly, the video part will be called the keyboard-display. The
keyboard-display shows messages from Drawing Navigator, and reads
and echoes user input. Inputs read from the menu are also echoed in the
keyboard-display. The function key F1 will flip (toggle) the video screen
between the graphic and text screens, as fumished by AutoCAD. In this
context, the keyboard-display can be regarded as being made of the entire
video screen (when flipped to the text screen).

6.2 Screen configuration

The video screen is shared by 3 or 4 logical devices. When 3 devices are sharing the screen, we
say the screen is in 3-device configuration, and when 4 devices are being used, 4-device configuration.

The 3-device configuration is the same as the default screen configuration of AutoCAD (Figure
1). When the screen is used in 4-device configuration, it can have two formats, vertical split or horizontal
split. A 4-device configuration in vertical split is normally used to display a zone (Figure 2). If the shape

of a zone is wide, then the 4-device configuration in horizontal split is used (Figure 3).

main-display or work-display
menu-displiay

keybsard-displiay

Figure 1. 3-device configuration of video screen.
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main-display
work-display

menu-display

W N

keyboard-display

Figure 2. 4-device configuration of video screen, vertical split.

1. main-display

2. work-display

3. menu-display

4. keyboard-display

Figure 3. 4-device configuration of video screen, horizontal split.

6.3 Messages from Drawing Navigator

There are two kinds of messages Drawing Navigator gives: One is prompting messages and the
other is reporting messages. After giving a prompting message (or prompt), Drawing Navigator waits
for your response. Reporting messages display constructed descriptions and help information in response
to your request for help. Messages from Drawing Navigator are displayed in the keyboard-display.
Section 7.3 in the appendix lists messages from Drawing Navigator.

6.3.1 Structure of prompting message

Prompting messages from Drawing Navigator have the following syntax:

<class - device> attribute:
Class specifies the generic group name of the data object currently being described. It can be one of
building, zone, surface or one of its more specific group names, and subsurface or one of its more
specific group names. Device specifies the logical device through which Drawing Navigator is expecting
a response. Device can be one of: main, work, menu, and key. Arribute may be a name of an attribute
or a description of an action for getting a value for some attribute. For example, the following message

<surface - menu> Select a surface group:

specifies that Drawing Navigator is expecting a description for a surface object. It asks you to respond
through the device menu, i.e., to select an item from the menu-display of a more specific surface group.
Prompting messages may provide a default value and the corresponding action necessary for accepting that

value. Prompting messages for this case have the following syntax:

<class - device[response]> attribute[value]:
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If you take the action specified by response, the value specified by value would be accepted as
the value for the attribute specified by attribute. For example, given the following prompting message

<building - key[hit ENTER]> North axis (degree)(0]:,

if you hit the ENTER key, O is accepted as the direction of the north axis for the building. More than
one logical device can be used for some type of inputs. For example, when asked to enter a name of a
surface, if you cannot find a proper name for the surface on the menu-display, you can input one via the
keyboard. In such cases, the Drawing Navigator prompting message would look like:

<surface-menu or key> Enter the surface name;:

6.3.2 Reporting message

Reporting messages from Drawing Navigator show descriptions of objects, their summary, or
some explanation when help is requested. Usually Drawing Navigator sends reporting messages when
you choose the actions Report and Help. It has the following syntax

<DN> message

where message is usually a listing of attributes and their values. In most instances, reporting messages
are displayed through the keyboard-display logical device. After displaying a reporting message, Drawing
Navigator will wait for you to hit the ENTER key before continuing.

6.4 Menu

We use the term “menu” to refer to a set of items appearing in a menu-display as well as the
logical device menu. Menus are a convenient method for communication: they save keyboard typing and
thus reduce input errors. There are two kinds of menus in Drawing Navigator: static and dynamic. The
contents of static menus do not change, while that of dynamic menus normally grow as the Drawing
Navigator session proceeds. Figures 4 through 8 show selection items displayed in static menu-display.
Dynamic menus show choices of possible (sub)surface names. When you do not see the proper name for
a surface (e.